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The Large Helical Device has an outer cryostat 
vessel that keeps an adiabatic vacuum condition 
for cryogenic structures in the LHD such as coils, 
coil supports and thermal shields. This outer 
cryostat vessel has 98 ports for plasma diagnostics, 
vacuum exhost, cryogenic diagnostics, cooling 
pipes and manhole. Requested accuracy for these 
ports are below 2 mm at the fabrication. When the 
device is operated, the outer cryostat vessel is 
subjected to an outer atomospheric pressure 
almost 0.1 MPa and the cryostat vessel will be 
deformed by this pressure. Authors investigated a 
global deformation of the outer cryostat vessel to 
decide a shape[ 1]. In this report, a detail 
estimation about deformation of the outer cryostat 
vessel is presented especially for a diagnostic port. 
Analytic model 
Although the outer cryostat vessel does not 
have symmetrical shape, an analytic model was 
selected form typical 1/5 section of toroidal angle. 
Figure 1 shows a model we prepared. This model 
has two outer ports, two upper ports, two lower 
ports, one tangential port, one inner port and nine 
other utility ports. One of the outer ports has some 
child ports in it. In the analysis, axis-symmetric 
was assumed, so cyclic boundary conditions were 
introduced that means that zero displacement was 
defined at each toroidal edge. The fixed boundary 
conditions were set to the joint area of the bottom 
stand contacting the floor. The values of Young's 
modulus and Poisson's ratio was 200 GPa and 0.3, 
respectively for SUS304. The thickness of cryostat 
port flange and diagnostic port was valued as 50 
mm and 80 mm to evaluate an effect of flange 
thickness. 
Results 
Figure 2 shows the displacement of outer port in 
the radial direction along to the horizontal center 
line of outer port. The horizontal location zero 
means the center of the port. The displacement of 
the edge of cryostat port flange was not changed 
12 
by. the thickness of the flange. However, the 
displacement near the center of the port increased 
as the thickness of the flange decreased. The 
maximum value was -4 mm at the center area of 
the port. In a practical cryostat structure, child 
ports have pipe under its flange that strengthen the 
rigidity so that the displacement will be reduced 
than this analysis. 
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Fig. 1. Analytic model of finite element method 
for the part of outer cryostat vessel with 
child ports. 
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Fig. 2. Radial displacement along the horizontal 
center line of outer port. 
